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Abstract. The family Filistatidae is considered sister to Synspermiata or sister to Hypochilidae. Cytogenetic knowledge of 
this family could be useful for understanding the mechanism of chromosome evolution that has occurred within the group. 
In this work, two filistatid species belonging to distinct subfamilies, Kukulcania hibernalis (Hentz, 1842) (Filistatinae) and 
Misionella mendensis (Mello-Leitao, 1920) (Prithinae), were investigated using standard and differential chromosome 
staining. Analysis of mitotic and meiotic cells revealed the diploid 2nd =25 for K. hibernalis and 2nd =21 for M. 
mendensis. Both species exhibited a sex chromosome system of the XiX 2Y type and metacentric/submetacentric 
chromosomes. In prophase I cells, the sex chromosomes were in a trivalent configuration with all elements associated 
without chiasma through their terminal regions. Both species revealed six nucleolar organizer regions on the terminal 
region of three autosomal pairs. In K. hibernalis, constitutive heterochromatin was located mainly in the terminal regions 
of autosomes and sex chromosomes while in M. mendensis, the heterochromatin occurred in the pericentromeric region of 
all chromosomes. Despite the scarcity of cytogenetic information for Filistatidae, the available results show the occurrence 
of high variability in the diploid number but with the maintenance of the X]X 2Y sex chromosome system. Additionally, 
the karyotype differentiation in the species of this family seems to have involved not only the number of autosomes but 
also specific chromosomal sites, such as the constitutive heterochromatic regions. 
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The spider family Filistatidae is composed of 147 species 
and 19 genera, having a worldwide distribution, with the 
greatest diversity in tropical and subtropical biogeographic 
regions (Gray 1995; Ramirez & Grismado 1997; World Spider 
Catalog 2016). The phylogenetic position of Filistatidae is in 
dispute. While some studies on spinneret morphology 
(Platnick et al. 1991) and respiratory system morphology 
(Ramirez 2000) point towards a sister relationship between 
Filistatidae and the ecribellate haplogynes (=Synspermiata as 
proposed in Michalik & Ramirez 2014), forming the 
Haplogynae clade, others, focusing on phylogenomics (Bond 
et al. 2014; Garrison et al. 2016), placed Filistatidae 
(Kukulcania Lehtinen, 1967) as sister to basal araneomorph 
Hypochilidae (Hypochilus Marx, 1888). 

There are few studies regarding the phylogenetic relation¬ 
ships between the genera of Filistatidae. However, Gray 
(1995) and Ramirez & Grismado (1997) subdivided the family 
into Filistatinae and Prithinae. The subfamily Filistatinae 
comprises three genera, Filistata Latreille, 1810, Kukulcania, 
and Sahastata Benoit, 1968, whereas Prithinae includes 
Afrofilistata Benoit, 1968, Andoharano Lehtinen, 1967, Fili-  
statinella Gertsch & Ivie, 1936, Filistatoides F. O. Pickard- 
Cambridge, 1869, Lihuelistata Ramirez & Grismado, 1997, 
Misionella Ramirez & Grismado, 1997, Pikelinia Mello- 
Leitao, 1946, Pritha Lehtinen, 1967, Wandella Gray, 1994, 
and Yardiella Gray, 1994, totaling ten genera (Ramirez & 
Grismado 1997). This phylogenetic hypothesis did not include 
the six other filistatid genera, A mil  hides Brescovit, Sanchez- 
Ruiz & Alayon, 2016, Microfilistata Zonstein, 1990, Mystes 
Bristowe, 1938, Pholcoides Roewer, 1960, Tricalamus Wang, 

* In memoriam 

1987 and Z ait uni a Lehtinen, 1967 (World Spider Catalog 
2016). 

Only three species of Filistatidae have been cytogenetically 
investigated, Filistata insidiatrix (Forsskal, 1775) from Greece, 
with 2n<3 = 33, X]X 2Y, Kukulcania hibernalis (Hentz, 1842) 
from Argentina, and Kukulcania aff. hibernalis, which showed 
karyotypes with 2nc? = 24, X]X 20 and 2nd = 25, X^^Y, 
respectively. In these three species, the chromosomes exhibited 
metacentric and submetacentric morphology (Rodriguez Gil 
et al. 2002; Krai et al. 2006; Korinkova & Krai 2013). In the 
present work, two species of Filistatidae belonging to different 
subfamilies, Kukulcania hibernalis (Filistatinae) and Misionella 
mendensis (Mello-Leitao 1920) (Prithinae), were analyzed 
using standard and differential chromosome staining tech¬ 
niques. This is the first cytogenetic study of M. mendensis and 
the identification of specific chromosome regions in filistatid 
spiders. Taking into account that Filistatidae is likely 
relatively basal within araneomorph spiders, the cytogenetic 
knowledge of this family is useful for understanding the 
mechanisms of chromosome evolution that occurred within 
the group. 

METHODS 

The cytogenetic data of the Brazilian Filistatidae examined 
in this work corresponded to a sample of eight male and four 
female individuals of K. hibernalis from Barra do Jacare 
(23°06'54"S, 50°10'51 "W), state of Parana, and three male 
specimens and four embryos (three males and one female) of 
M. mendensis collected in the municipalities of Rio Claro 
(22°24'39"S, 47°33'39"W) and Sao Paulo (23°32'52"S, 
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Figure 1.—Testicular cells of Kukulcania hibernalis stained with Giemsa. A. Karyotype, 2nd =25, X]X 2Y, with metacentric chromosomes. 

Note the heteromorphism of the chromosomes of pair 9. Arrowheads indicate secondary constrictions on pair 10. B. Diplotene, exhibiting 

bivalents with interstitial (small arrow) or terminal (large arrow) chiasmata. C. Metaphase II, showing n = 13, X!X 2 (left pole) and n = 12, Y 

(right pole). Scale = 10 pm. 

46°38'9"W), state of Sao Paulo. The voucher specimens were 

deposited in the collection of the Laboratorio Especial de 

Colegoes Zoologicas, Instituto Butantan (IBSP, curator A. D. 

Brescovit), Sao Paulo, Brazil. The chromosomal preparations 

were obtained from embryos and gonads of adult individuals, 

following the methodology described by Araujo et al. (2005). 

All  the cytological preparations were standard stained with 3% 

Giemsa solution (3% of commercial Giemsa and 3% of 

phosphate buffer pH 6.8 in distilled water). For identification 

of the nucleolar organizer regions (NORs) and location of 

constitutive heterochromatin regions, chromosome prepara¬ 

tions were submitted to silver impregnation (Howell & Black 

1980) and C-banding (Sumner 1972), respectively. To obtain a 

better resolution of the C-banding pattern, chromosomes were 

stained with 4-6'-diamidino-2-phenylindole (DAPI). All  cells 

were photographed using an Olympus BX51 light microscope 

coupled to an Olympus DP71 digital camera with DP 

Controller software. The chromosomes were measured using 

LEVAN, a plugin for Image J software, developed by 

Sakamoto & Zacaro (2009), and morphologically classified 

following Levan et al. (1964). 

RESULTS 

Kukulcania hibernalis.—Mitotic metaphase cells of K. 

hibernalis revealed the diploid number 2n = 25 for males and 

2n = 26 for females. The comparative study of both mitotic 

cells of the males and females and metaphase II cells of the 

males, showed the presence of a sex chromosome system of the 

XiX 2Y/XiX1X2X2 type for this species (Fig. 1). The male 

karyotype was composed of chromosomes of large (pairs 1 
and 2), medium (pairs 3 to 10) and small (pair 11) sizes. The 

Xi and X2 sex chromosomes were medium-sized whereas the 

Y chromosome was extremely small, being identified as the 

smallest element of the karyotype. All  chromosomes showed a 

metacentric morphology, with the exception of one element of 

pair 9, which was classified as submetacentric (Fig. 1A). This 

morphological heteromorphism of pair 9 was verified in three 

male specimens, in which a detailed karyotype analysis was 

accomplished. A secondary constriction was easily visualized 

in the short arm terminal region of pair 10. 

Early prophase I nuclei exhibited three (two large and one 

small) positive heteropycnotic blocks of sexual chromatin. 

Diplotene cells exhibited 11 autosomal bivalents with one 

terminal or interstitial chiasma (Fig. IB), except the large 

bivalent that occasionally presented two chiasmata, one 

terminal and one interstitial. The sex chromosomes were 

easily identified since they formed a trivalent configuration, 

with all elements associated through their terminal regions. In 

this association, both arms of the Xj and X2 chromosomes 

were in an achiasmate pairing with both arms of the Y 

chromosome, which always assumed a central position in this 

trivalent configuration. 

Silver-impregnated spermatogonial metaphase cells revealed 

six NORs located on the short arm terminal region of pairs 1, 

5 and 10 (Fig. 2A, B). However, not all NORs appeared in the 
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Figure 2.—Testicular cells of Kukulcania hibernalis, stained with Giemsa (A, C), silver-impregnated (B) and DAPI C-banded (D-F). A, B. 

Mitotic metaphase, revealing nucleolar organizer regions (arrows) on the terminal regions of pairs 1, 5 and 10. C, D. Mitotic metaphase, showing 

the predominance of constitutive heterochromatin in the terminal regions of the chromosomes. The arrowheads in pair 10 point to 

heterochromatin colocalized with the secondary constrictions. E, F. Diplotene and metaphase II, respectively, exhibiting pericentromeric 

heterochromatin in X2 and the totally heterochromatic Y chromosome. Scale = 10 pm. 

same cell, with the number of active NORs varying from two 

to five. Additionally, the NORs located on pair 10 were 

coincident with secondary constriction observed in Giemsa- 

stained cells. DAPI C-banded testicular cells showed consti¬ 

tutive heterochromatin in the short arm terminal region of all 

autosomal pairs and Xi and X2 sex chromosomes, with the 

exception of pairs 5 and 9 (Fig. 2C, D). Furthermore, blocks 

of constitutive heterochromatin were visualized in the long 

terminal region of pairs 4, 5, 6, 7, 8, 10, 11 and X2 sex 

chromosome. Additional bands were also found in the short 

arm interstitial region of pair 4. The Y chromosome was 

entirely heterochromatic. The constitutive heterochromatin 

present in the short arm of pair 10 was colocalized with the 

secondary constriction. In addition to the DAPI C-band 

pattern observed in mitotic cells, the study of meiotic cells 

allowed us to identify blocks of heterochromatin in the 

pericentromeric region of the X2 sex chromosome (Fig. 2E, F). 

Metaphase II nuclei confirmed that the DAPI C-banded 

positive regions of pair 1 were tenuous when compared with 

those of the other chromosomes. 

Misionella mendensis.—Male karyotype analysis of M. 

mendensis revealed 2n = 21, X]X 2Y metacentric chromosomes, 

with the exception of pair 1 that was submetacentric (Fig. 3A). 

The autosomal chromosomes gradually decreased in size, but 

the X] and X2 sex chromosomes were the largest and the Y 

chromosome, the smallest elements of the karyotype. Second¬ 

ary constrictions were located in the long arm interstitial 

region of pairs 1 and 2. The study of meiotic cells confirmed 

the diploid number and type of sex chromosome system 

established for this species (Fig. 3B, D). In diplotene nuclei, 

the autosomal bivalents exhibited one terminal or interstitial 

chiasma and the sex chromosomes were associated in a 

trivalent configuration (Fig. 3B), similar to that observed in K. 

hibernalis. Metaphase II  cells showed n = 11, X)X2 and n = 10, 
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Figure 3.—Testicular cells of Misionella mendensis, stained with Giemsa. A. Karyotype, 2nd =21, XjX 2Y with chromosomes predominantly 

metacentric. The arrowheads indicate constrictions. B. Diplotene, showing autosomal bivalents with one interstitial (small arrow) or terminal 

chiasma (large arrow). C, D. Metaphase II with n=l 1, XiX 2 and n=10, Y, respectively. Scale = 10 pm. 

Y (Fig. 3C, D), indicating the balanced segregation of all 

chromosomes. 

Mitotic cells of embryos examined with Giemsa staining and 

silver impregnation revealed six NORs on the short arm 

terminal region of pairs 1, 3 and 5 (Fig. 4A, B). In this species, 

the constrictions revealed by Giemsa staining were not silver 

impregnated. Mitotic metaphase cells submitted to C-banding 

and stained with DAPI showed constitutive heterochromatin 

in the pericentromeric region of all chromosomes; additional 

bands were verified in the short arm terminal region of pairs 5 

and 8 (Fig. 4C, D). The terminal heterochromatin of pair 5 

was located in an NOR-bearing region. 

DISCUSSION 

The 2nd =21 observed in M. mendensis (Prithinae) is the 

lowest diploid number described until now for Filistatidae. 

The number of autosomes found in K. hibernalis (Filistatinae) 

is the same as that previously described for one population of 

this species from Argentina (Rodriguez Gil et al. 2002). The 

metacentric and submetacentric chromosomal morphology is 

common for all filistatids, including the species analyzed here, 

as also occurs for most haplogyne spiders (Araujo et al. 2016). 

In Filistatinae, cytogenetic information is available for three 

species, Filistata insidiatrix with 2nd = 33, XjX 2Y (Krai et al. 

2006), Kukulcania aff. hibernalis with 2nd = 25, X]X 2Y 

(Konnkova & Krai 2013), and Kukulcania hibernalis with 2nd 

= 24, X,X20 (Rodriguez Gil et al. 2002) and 2nd =25, X,X2Y 

(present study). In Prithinae, the only species that has been 

cytogenetically examined is Misionella mendensis, 2nd = 21, 

X]X 2Y. These data show that the highest diploid numbers 

occur in Filistatinae, but the XjX 2Y sex chromosome system is 

a shared characteristic for the species of both subfamilies. 

The cytogenetic data did not reveal new information about 

the Filistatidae affinities, because the XjX 2Y sex chromosome 

system found in this family has a morphology and meiotic 

behavior similar to that described for Hypochilus and known 

for some Synspermiata families (Drymusidae, Pholcidae and 

Sicariidae) (Krai et al. 2006). However, taking into account 

the presence of the X;X2Y system in Hypochilidae and 

Synspermiata, and considering its absence in Mygalomorphae 

(Araujo et al. 2016), this system probably reflects the ancestral 

condition for Araneomorphae (Silva 1988; Oliveira et al. 1996, 

1997; Rodriguez Gil et al. 2002; Silva et al. 2002; Krai et al. 

2006). 

The difference between the sex chromosome system 

described for K. hibernalis herein (XjX 2Y) and from Argentina 

(X]X 2) (Rodriguez Gil et al. 2002) could be a case of 

population variation, however, the possibility of misinterpre¬ 

tation of the sex chromosome system in the paper of 

Rodriguez Gil et al. (2002) cannot be ruled out. The 

misidentification of the X]X 2Y sex chromosome system, due 

to the tiny size of the Y chromosome, is a problem already 

pointed out by Krai et al (2006). The stage of chromosome 

condensation in the pictures of K. hibernalis presented by 

Rodriguez Gil et al. (2002) do not allow an unambiguous 

identification of the Y absence requiring a reanalysis of the 

Argentinean population. 

Cytogenetic data in regard to the identification of specific 

chromosomal regions are scarce in spiders, considering that 

less than 10% of the species have been characterized in relation 

to the distribution of NORs and constitutive heterochromatin 

(Araujo et al. 2012, 2014, 2015; Forman et al. 2013; Konnkova 



PAULA-NETO ET AL.—COMPARATIVE CYTOGENETICS OF FILISTATID5 127 

Figure 4.—Embryonic mitotic cells of Misionella mendensis stained with Giemsa (A, C), silver-impregnated (B) and DAPI C-banded (D). A, B. 
Metaphase, 2nd = 21, X*,X 2Y, revealing nucleolar organizer regions (arrow) on the terminal regions of pairs 1, 3 and 5. In B, the Y chromosome 
is not evident. C, D. Metaphase, 2n$ =22, XiXiX 2X2, showing constitutive heterochromatin in the pericentromeric region of all chromosomes. 
Scale = 10 pm. 

& Krai 2013; Krai et al. 2013). In Mygalomorphae and 

Araneomorphae, NORs are predominantly located on the 
terminal region of one to three autosomal pairs. According to 

Krai et al. (2013), this pattern could he a symplesiomorphy of 

these two suborders of Araneae. Nevertheless, in the 
Haplogynae lineage, the species possessing X0 and XY 

systems showed NORs on autosomal chromosomes and the 
X chromosome, or only on the X chromosome (Krai et al. 

2006; Oliveira et al. 2007; Araujo et al. 2008). Additionally, the 
only species with X]X 2Y sex chromosome system investigated 

regarding the distribution of NORs, Hypochilus pococki 

Platnick, 1987 (Hypochilidae) with 2nd = 29, showed two 

pairs of autosomal chromosomes impregnated by silver (Krai 
et al. 2006). Despite the two species of Filistatidae analyzed in 

this study that showed different diploid numbers, in both 
species the silver-impregnated regions (Ag-NORs) were 

located on the terminal region of three autosomal pairs, 
including pairs 1 and 5. Autosomal NORs are the most 

common condition in spiders (Araujo et al. 2012) 
In spiders, the constitutive heterochromatin commonly 

exhibits a similar pattern in autosomes and sex chromosomes, 

occurring in the pericentromeric region (Araujo et ah 2012). In 

the Filistatidae species studied herein, a clear difference in 
relation to distribution of constitutive heterochromatin was 

observed, taking into account that in K. hibernalis terminal C- 
bands were predominant while in M. mendensis the positive 

heterochromatie regions were pericentromeric. This result 

indicated that in addition to the change in diploid number, the 
dispersion and/or accumulation of constitutive heterochroma¬ 
tin in specific chromosomal regions may be related to 

karyotype differentiation in Filistatidae species. Furthermore, 

a change in the amount of heterochromatin was probably the 

key event responsible for the heteromorphism observed in the 

chromosomes of pair 9 of K, hibernalis. This is supported by 

the morphology of the submetacentric element which did not 

show a positive DAPI C-band in the short arm terminal 
region. In Haplogynae taxa with a XjX 2Y sex chromosome 

system, the Y chromosome is completely heterochromatie. 
This pattern was observed in K. hibernalis and M. mendensis, 

as well in species belonging to other families, e.g., Loxosceles 

intermedia Mello-Leitao, 1934, Loxosceles laeta (Nicolet, 

1849) (Sicariidae) and Pholcus phalangioides (Fuesslin, 1775) 

(Pholcidae) (Silva et al. 2002; Krai et al. 2006). 

Although cytogenetic information is restricted to only four 

species of Filistatidae, the available data revealed that this 

family has a high karyotype diversity, mainly related to the 

number of autosomal chromosomes and the distribution of 

constitutive heterochromatin. Additionally, the diversity in 

karyotype constitution seems to be a common feature of both 

basal (Filistatidae) and Synspermiata species, differing from 

the uniform karyotype pattern observed in most Entelegynae 

spiders. 

ACKNOWLEDGMENTS 

The authors would like to thank to Vanessa Penna- 

Gongalves from Institute Butantan, for collecting the speci¬ 

mens of Kukulkania hibernalis. This research was supported by 
the Funda§ao de Amparo a Pesquisa do Estado de Sao Paulo, 

FAPESP (2010/14193-7, 2011/21643-1; 2011/50689-0). Collec¬ 

tion permits were granted by Instituto Brasileiro de Meio 

Ambiente e dos Recursos Naturais Renovaveis (IBAMA)  and 



128 JOURNAL OF ARACHNOLOGY 

the Institute Chico Mendes de Conserva^ao e Biodiversidade 

(ICMBio; 25472-1). 

LITERATURE CITED 

Araujo, D., D.M. Celia & A.D. Brescovit. 2005. Cytogenetic analysis 

of the neotropical spider Nephilengys cruentata (Araneomorphae, 

Tetragnathidae): standard staining, NORs, C-bands and base- 

specific fluorochromes. Brazilian Journal of Biology 65:193-202. 

Araujo, D., E.G. Oliveira, A.M. Giroti, V.F. Mattos, E. Paula-Neto, 

A.D. Brescovit et al. 2014. Comparative cytogenetics of seven 

Ctenidae species (Araneae). Zoological Science 31:83-88. 

Araujo, D., E. Paula-Neto, A.D. Brescovit, D.M. Celia & M.C. 

Schneider. 2015. Chromosomal similarities between Nephilidae 

and Tetragnathidae indicate unique evolutionary traits among 

Araneoidea. Italian Journal of Zoology 82:513-520. 

Araujo, D., C.A. Rheims, A.D. Brescovit & D.M. Celia. 2008. 

Extreme degree of chromosome number variability in species of the 

spider genus Scvtodes (Araneae, Haplogynae, Scytodidae). Journal 

of Zoological Systematics and Evolutionary Research 46:89-95. 

Araujo, D., M.C. Schneider, E. Paula-Neto & D.M. Celia. 2012. Sex 

chromosomes and meiosis in spiders: a review. Pp. 87-108. In 

Meiosis - Molecular mechanisms and cytogenetic diversity. (A. 

Swan, ed.). InTech, Rijeka, Croatia. 

Araujo, D., M.C. Schneider, E. Paula-Neto & D.M. Celia. 2016. The 

spider cytogenetic database, version 5.0. Online at www. 

arthropodacytogenetics.bio.br/spiderdatabase 

Bond, J.E., N.L. Garrison, C.A. Hamilton, R.L. Godwin, M. Hedin 

& I. Agnarsson. 2014. Phylogenomics resolves a spider backbone 

phylogeny and rejects a prevailing paradigm for orb web evolution. 

Current Biology 24:1765-1771. 

Forman, M., P. Nguyen, V. Hula & J. Krai. 2013. Sex chromosome 

pairing and extensive NOR polymorphism in Wadicosa fidelis 

(Araneae: Lycosidae). Cytogenetic and Genome Research 141:43- 

49. 

Garrison, N.L., J. Rodriguez, I. Agnarsson, J.A. Coddington, C.E. 

Griswold, C.A. Hamilton et al. 2016. Spider phylogenomics: 

untangling the Spider Tree of Life. PeerJ 4:el719. 

Gray, M.R. 1995. Morphology and relationships within the spider 

family Filistatidae (Araneae: Araneomorphae). Records of the 

Western Australian Museum. Supplement 52:79-89. 

Howell, W.M. & D.A. Black. 1980. Controlled silver staining of 

nucleolus organizer regions with protective colloidal developer: A 

1-step method. Experientia 36:1014-1015. 

Konnkova, T. & J. Krai. 2013. Karyotypes, sex chromosomes, and 

meiotic division in spiders. Pp. 159-171. In Spider Ecophysiology. 

(W. Nentwig, ed.). Springer-Verlag, Heidelberg. 

Krai. J., T. Konnkova, L. Krkavcova, J. Musilova, M. Forman, I.M. 

Avila Herrera et al. 2013. Evolution of karyotype, sex chromo¬ 

somes, and meiosis in mygalomorph spiders (Araneae: Mygalo- 

morphae). Biological Journal of the Linnean Society 109:377^408. 

Krai, J., J. Musilova, F. Stahlavsky, M. Rezac, Z. Akan, R.L. 

Edwards et al. 2006. Evolution of the karyotype and sex 

chromosome systems in basal clades of araneomorph spiders 

(Araneae, Araneomorphae). Chromosome Research 14:859-880. 

Levan, A., K. Fredga & A.A. Sandberg. 1964. Nomenclature for 

centromeric position on chromosomes. Hereditas 52:201-220. 

Michalik, P. & M.J. Ramirez. 2014. Evolutionary morphology of 

male reproductive system, spermatozoa and seminal fluid of 

spiders (Araneae, Arachnida) - current knowledge and future 

directions. Arthropod Structure & Development 43:291-322. 

Oliveira, E.G., D.M. Celia & A.D. Brescovit. 1996. The karyotype of 

Loxosceles gauclio and Ctenus ornatus (Arachnida, Araneae, 

Sicariidae, Ctenidae). Revista Brasileira de Genetica 18:128. 

Oliveira, E.G., D.M. Celia & A.D. Brescovit. 1997. Karyotype of 

Loxosceles intermedia and Loxosceles laeta (Arachnida, Araneae, 

Sicariidae). NeoXi NeoX2 Y sex determination mechanism and 

NORs. Revista Brasileira de Genetica 20:77. 

Oliveira, R.M., A.C. Jesus, A.D. Brescovit & D.M. Celia. 2007. 

Chromosomes of Crossopriza lyoni (Blackwall 1867), intraindivid¬ 

ual numerical chromosome variation in Physocyclus globosus 

(Taczanowski 1874), and the distribution pattern of NORs 

(Araneomorphae, Haplogynae, Pholcidae). Journal of Arachnol- 

ogy 35:293-306. 

Platnick, N.L, J.A. Coddington, R.R. Forster & C.E. Griswold. 1991. 

Spinneret morphology and the phylogeny of haplogyne spiders 

(Araneae, Araneomorphae). American Museum Novitates 3016:1- 

73. 

Ramirez, M.J. 2000. Respiratory system morphology and the 

phylogeny of haplogyne spiders (Araneae, Araneomorphae). 

Journal of Arachnology 28:149-157. 

Ramirez, M.J. & C.J. Grismado. 1997. A review of the spider family 

Filistatidae in Argentina (Arachnida, Araneae), with cladistic 

reanalysis of filistatid genera. Entomologica Scandinavica 28:319- 

349. 

Rodriguez Gil, S.G., L.M. Mola, A.G. Papeschi & C.L. Scioscia. 

2002. Cytogenetic heterogeneity in common Haplogyne spiders 

from Argentina (Arachnida, Araneae). Journal of Arachnology 

30:47-56. 

Sakamoto, Y. A.A. Zacaro. 2009. LEVAN, an ImageJ plugin for 

morphological cytogenetic analysis of mitotic and meiotic chro¬ 

mosomes. Online at http://rsbweb.nih.gov/ij/ 

Silva, D. 1988. Estudio cariotlpico de Loxosceles laeta (Araneae: 

Loxoscelidae). Revista Peruana de Entomologia 31:9-12. 

Silva, R.W., D.R. Klisiowicz, D.M. Celia, O.C. Mangili & I.J. 

Sbalqueiro. 2002. Differential distribution of constitutive hetero¬ 

chromatin in two species of brown spider: Loxosceles intermedia 

and L. laeta (Aranae, Sicariidae), from the metropolitan region of 

Curitiba, PR (Brazil). Acta Biologica Paranaense 31:123-136. 

Sumner, A.T. 1972. A simple technique for demonstrating centro¬ 

meric heterochromatin. Experimental Cell Research 75:304-306. 

World Spider Catalog. 2016. World Spider Catalog. Version 17.5. 

Natural History Museum, Bern. Online at http://wsc.nmbe.ch/ 

Manuscript received 17 December 2014, revised 2 October 2016. 


